Pr ediction of tumor and normal-tissue responses in therapeutic nuclear medicine relies heavily on calculation of the absorbed dose. However, absorbed-dose specification is complex because of the wide variety of radiations emitted, heterogeneity in activity distribution, biokinetics, and other confounding factors (1) . After the administration of a radiopharmaceutical, the radioactivity is taken up by tumors (if any) and the various organs within the body, and the radioactivity is then eliminated through both biologic clearance and physical decay. A general formalism was developed by the MIRD Committee of the Society of Nuclear Medicine and Molecular Imaging to calculate absorbed doses from tissue-incorporated radioactivity (2) . Conventional organ absorbed-dose estimates assumed that the radioactivity was distributed uniformly throughout the organ and that the mean absorbed dose to the organ was being calculated. However, there have been dramatic improvements in dosimetry models that reflect the substructure of organs as well as tissue elements within them (3) (4) (5) . These models rely on improved nuclear medicine imaging capabilities that facilitate determination of activity within the voxels that represent tissue elements that are about 0.2-1 cm 3 in volume (6) (7) (8) (9) . However, even these improved approaches assume that all cells within the tissue element receive essentially the same absorbed dose. The tissue element may comprise a variety of cells having very different radiosensitivities (10) and sometimes, depending on the radiopharmaceutical, very different levels of incorporated radioactivity (11, 12) . Accordingly, the absorbed dose delivered to the various cells in the tissue element and their response may differ markedly. Therefore, a combination of voxel-, cellular-, and multicellular-level dosimetry is required to accurately predict biologic response to nonuniform distributions of radioactivity (1, 13) .
The extent to which nonuniform distributions of radioactivity within a small tissue element affect the absorbed dose distribution, and ultimately the biologic effect, is strongly dependent on the number, type, and energy of the radiations emitted by the radionuclide. Many radionuclides used in nuclear medicine decay by electron capture or internal conversion (e.g., 67 Ga, 99m Tc, 111 In, 123 I, and 201 Tl) and consequently emit a large number of lowenergy Auger and conversion electrons. Many of these electrons deposit their energy over subcellular dimensions and therefore produce nonuniform dose distributions (14, 15) . Similarly, the short range of a particles in biologic tissues (40-100 mm) also leads to nonuniform dose distributions from 223 Ra and other a-particle emitters of potential use in nuclear medicine (15) (16) (17) (18) (19) (20) . Energetic b emitters such as 90 Y have a greater degree of crossirradiation because their mean range in tissue is at least several hundred microns. However, the nonuniform distribution of these radionuclides invariably leads to nonuniform dose distributions as well (21) (22) (23) (24) (25) . Although it is essential to consider the dose distributions that arise from nonuniform distributions of radioactivity, it is also necessary to know whether the dose to a given cell arises from radioactive decays within itself (self-dose) or decays in surrounding cells or other parts of the body (cross-dose). Cellular response to self-dose delivered by a radiopharmaceutical can be considerably different from its response to cross-dose from the same radiopharmaceutical. This is well known for Auger emitters, for which-depending on the subcellular distribution of the radiopharmaceutical-the relative biological effectiveness of the selfdose can be an order of magnitude greater than that of the crossdose (26) . This has been observed for b emitters as well, for which the self-dose from 131 I was shown to be 3 times more lethal than the cross-dose (27) .
There is a growing body of experimental data on the biologic effects of nonuniform distributions of radioactivity at the multicellular level. Detailed studies have been performed in which varying proportions (from 1% to 100%) of a 3-dimensional (3-D) population of mammalian cells were radiolabeled with 125 I (28), 131 I (27, 29) , or 210 Po (30) . In the case of 210 Po and 131 I, survival curves for 10% labeling were concave upward despite the high degree of cross-irradiation delivered under these conditions. The survival curve for 100% labeling with 210 Po also was somewhat concave upward (30) . These complex responses can be attributed, in part, to the nonuniform distribution of activity in these multicellular structures (31, 32) . These findings can have significant consequences for therapeutic uses of these and other radionuclides. Accordingly, there is a need for software tools that can model biologic responses to nonuniform activity distributions encountered in nuclear medicine. The software, MIRDcell, described in this pamphlet provides tools that can be used to assist in designing nuclear medicine treatment strategies.
MATERIALS AND METHODS
In collaboration with the MIRD Committee of the Society of Nuclear Medicine and Molecular Imaging, Rutgers University created a Java applet to provide worldwide access (http://mirdcell.njms. rutgers.edu/) to new software that facilitates multicellular dosimetry and biologic-response modeling. A graphical user interface consisting of a multitabbed pane was generated. Under each tab, the user can select the values of variables that are used to model radiation dose and response in 2-dimensional (2-D) and 3-D cell populations. 2-D cell populations are constrained to lie on a plane (e.g., monolayer cell cultures, cells on bone surface). Provision is also made for calculation of self-and cross-dose S values for a pair of cells that are referred to as 1-dimensional (1-D). The organization of the tabs and options within each tab are provided in an online data supplement available at http:// jnm.snmjournals.org. Although most of the options are self-explanatory, some features are explained below. Nomenclature is consistent with MIRD pamphlet no. 21 (33) . The computational speed of MIRDcell is strongly coupled to computing power; version 2.0 (V2.0) should be run on a processor equal to or better than an Intel i5. The Java control panel should be used to increase memory allocation to 1,024 MB and to add http://mirdcell.njms.rutgers.edu to the exception list on the security tab. The computing power required is proportional to the number of cells in the multicellular cluster. Details regarding the computational platform requirements and several benchmark computational times are provided in the online supplemental data.
"Source Radiation" Tab ( Fig. 1) The "Source Radiation" tab allows the user to select the radioactivity in the source cells (i.e., cells labeled with radioactivity). After a selection is made, the radiation data are shown in the box entitled "Input Data for Calculation." Three choices are available, including a predefined MIRD radionuclide, a monoenergetic particle emitter, and a userdefined radionuclide.
There are 2 options within the predefined MIRD radionuclide. The "b Full Energy Spectrum" option provides a dropdown list of the radionuclides for which data are provided in the MIRD monograph on radionuclide data and decay schemes (34) . The datasets correspond to the radiation data that were used to prepare the monograph; however, the FIGURE 1. Screenshot of "Source Radiation" tab. This tab provides 3 options for selecting radioactivity to be placed in labeled cells: (1) Predefined MIRD radionuclide (top left). Radiation spectra are available for predefined radionuclides that include average β-particle energies ("β Average Energy Spectrum") or complete β-particle spectrum ("β Full Energy Spectrum"). (2) Monoenergetic particle emitter (top right). Here, user can select either α particle or electron and can specify particle yield per disintegration and energy. (3) User-created radionuclide (lower left). User can create a radionuclide that includes a variety of selectable radiations (α, Auger electron, β−, and β1). Data are streamed into bottom right box, input data for calculation.
yield and mean energies for all b-particle (b 2 ) and positron (b 1 ) emitters were replaced with full logarithmically binned b spectra. Use of the continuous b spectrum as opposed to the mean b energy can play an important role in cellular dosimetry (35) ; however, there can be a considerable increase in computation time when the former is used. This altered dataset was originally created for calculating cellular S values in the MIRD monograph on that topic (35) . Some of the spectra contained in excess of 1,000 different radiations for a given radionuclide, many of which are insignificant with respect to internal dosimetry. Therefore, only those radiations that contributed greater than 0.1% to the total energy emitted per nuclear transformation (D) for that particular radiation type were retained. The different radiation types considered separately in this manner were a particles and conversion electrons. However, the 0.1% cutoff was implemented neither for the spectrum of b particles nor for Auger electrons. The recoil energy of the residual daughter after a decay was not included because experiments indicate that this energy is not biologically relevant (36) . The "b Average Energy Spectrum" option provides the radiation data contained on the compact disk that accompanies the second edition of MIRD: Radionuclide Data and Decay Schemes (37). Average b-particle energies are contained within this dataset.
Extreme care must be exercised when conducting calculations for radionuclides that are part of a decay chain (e.g., 211 At, 213 Bi, 223 Ra, and 225 Ac). Unless specifically stated in the predefined dropdown menu, the radiations listed for a given radionuclide do not include radiations emitted by descendant (i.e., daughter) radionuclides. Depending on the half-life of the descendant, it may diffuse away from the site of parent decay and have a cell-level distribution and kinetic profile that differs substantially from that of the parent. Users can create files that include daughters, provided that branching ratios are accounted for (online supplement). However, this should be done only when the descendant radionuclides either are known to be retained at the site of parent decay or can be assumed to do so on the basis of half-life.
The "Monoenergetic Particle Emitter" option allows the user to select a hypothetical monoenergetic electron or a-particle emitter. Particle energy and yield per nuclear transformation are specified by the user.
The "User Created Radionuclide" option provides maximum flexibility by allowing the user to create a radionuclide that is not available in the predefined dropdown lists. After specifying the name of the radionuclide, the user chooses radiation type, its yield, and its energy and then clicks "Add Radiation." This process is repeated until all desired radiations have been added. "Confirm List of Radiations" is then clicked. If it is desired to save the radionuclide for later use, the user clicks "Save" and the radionuclide will be saved to a local storage location.
Finally, once the user selects the desired radionuclide from one of the 3 options above, the radiation data stream into the box entitled, "Input Data for Calculation." Specified in descending order are the radionuclide, physical half-life, and principal decay type. This is followed by the radiation data for the radionuclide; these include the total number of radiations in the file and the radiation type, yield, energy, and mean energy emitted per nuclear transition for each radiation D i .
"Cell Source/Target" Tab ( Fig. 2) As described in detail by Goddu et al. (38) and the MIRD monograph on cellular S values (35) , the cell is modeled as 2 concentric spheres with radii corresponding to those for the nucleus (R N ) and cell (R C ). The cells are assumed to be composed of liquid water of unit density. The radioactivity in the cell is assumed to be uniformly distributed in the source region of the cell, selectable among cell (C), cell nucleus (N), cytoplasm (Cy), or cell surface (CS). The target region in the cell for which the absorbed radiation dose will be calculated can be selected as either the entire cell or the cell nucleus. The radii of the cell and cell nucleus are limited to integer values and are specified by the user. The minimum cell size is R C 5 2 mm, R N 5 1 mm. No limit has been set on the maximum cell size; however, extensive testing has been conducted only up to R C 5 10 mm. Although we believe that the algorithms should be adequate for calculating absorbed doses to much larger cells (i.e., spheres), caution should be exercised when interpreting results for R C . 10 mm. MIRDcell enables the user to model the surviving fraction of cells in a specified cell population based on the calculated absorbed doses to the individual cells. Similar to the approach used by Rajon et al. (32) and Akudugu et al. (39) , the probability that a given cell survives is calculated with the linear quadratic model (Eq. 1),
Eq. 1 where a self and b self are the linear quadratic parameters that characterize the cellular response to self-dose (D self ) and a cross and b cross characterize the cellular response to cross-dose (D cross ) (15, 27, 40) . This distinction can often be necessary for Auger electron emitters (28), or even b-particle emitters (27) , when they are incorporated into the DNA. Under these circumstances, the relative biological effectiveness of Auger emitters can be akin to a particles (28) . The default parameters are set to a self 5 a cross 5 1 Gy 21 , and b self 5 b cross 5 0 Gy 22 . These default values are arbitrary and the user is cautioned to enter values that are relevant to their application. Whether a given cell survives is determined by a Monte Carlo method that is described below in "Multicellular Geometry , 2-D Colony , Surviving Fraction."
"Multicellular Geometry" Tab "Multicellular Geometry , 1-D Cell Pair" Tab (Fig. 3) . Figure 3 depicts the cell geometry that is used to calculate the self-and crossdoses for a pair of cells. This configuration is considered 1-D. The source and target volumes are color-coded: the radioactivity-containing source volume is red, and the target volume in the neighboring cell is blue. The user sets the distance (d) between the centers of 2 cells that are nearest neighbors. The self-dose and cross-dose S values (mean absorbed dose per unit cumulated activity in the source region) for the specified source and target regions are calculated when the "Compute" button is clicked. The self-dose and cross-dose S values are calculated using stopping powers and geometric factors FIGURE 2. Screenshot of "Cell Source/Target" tab. Source region (red) in cell that contains radiopharmaceutical can be selected as cell, cell surface, nucleus, or cytoplasm (top left). Selectable target regions (blue) include cell, nucleus, or cytoplasm (top left). Cell and cell nucleus are represented by concentric shells of unit density water with cell radius (R C ) and cell nucleus radius (R N ), which can be set as desired (bottom left).
as described in the MIRD monograph on cellular S values (35, 38) and by Goddu et al. (15) , respectively. As in the MIRD monograph, the stopping power relationship of Cole was used for electrons, and a-particle stopping powers were taken from reports of the International Commission on Radiation Units and Measurements (41) . This computational approach was previously validated by the MIRD Committee by comparison with results obtained with the EGS4 Monte Carlo radiation transport code (35) . New Monte Carlo radiation transport codes have recently been developed for low-energy
"Multicellular Geometry , 2-D Colony , 2-D Colony" Tab (Fig.  4A ). This option is used to create a cell population that resides on a plane (i.e., colony). In the "Cell Geometry" box, the user specifies the distance between the cells and the shape and dimensions of the colony (circle, rectangle, ellipse). In the "Cell Labeling" box, the user selects the distribution of activity among the labeled cell population (uniform, normal, lognormal) and enters the SD of the mean for the normal distribution or shape factor for the lognormal distribution. A uniform activity distribution among the labeled cells implies that each labeled cell has the same initial activity A in its source region (Fig.  4B) . In the normal distribution, the initial activity per cell is distributed according to the probability density function:
where ,A. is the mean initial activity per cell and s is the SD of the mean. A conscious effort is required by the user to avoid entering an SD that can result in negative values of A. When this occurs, the user is prompted to choose a smaller value for s. In the case of the lognormal distribution, the activity per cell is distributed according to the probability density function:
f
where s is the lognormal shape parameter. Thus, if ,A. is known experimentally, then only s is required. "Mean Activity per Cell" (labeled 1 unlabeled) and time-integrated activity coefficient (ã ) are then entered. The time-integrated activity coefficient is defined in MIRD pamphlet no. 21 (33) . The user then specifies the "Percentage of Cells That Are Labeled" with radioactivity. Once all the parameters are specified, the user clicks the "Compute" button. Calculation times vary dramatically depending on the number of radiations emitted by the selected radionuclide, the range of the particles emitted, and the percentage of cells that are labeled. A progress bar appears below the "Compute" button to provide the status of the calculation. Progress for part 1 corresponds to the calculation of all necessary self-and cross-dose S values. Progress for part 2 corresponds to the process of creating a virtual assembly of cells in a Cartesian coordinate system with a close-packed square lattice (number of cells is displayed), assigning activity to each cell, tallying selfand cross-doses for each cell, calculating the surviving fraction of cells, and plotting the colony geometry in the graphical user interface. Labeled cells are selected randomly, and each cell is randomly assigned an initial activity according to a user-selected distribution. The time-integrated activity in the source compartment of each cell is calculated by taking the product of the initial activity in the cell and the user-specified time-integrated activity coefficient (ã ). The activity in all labeled cells is assumed to have the same time-integrated Here, user can select multicellular geometry wherein cell population lies on plane. In "Cell Geometry" box, cell population can be constrained to different selectable shapes including circle (shown), ellipse, and rectangle (top left). Dimensions of each shape are provided by user (i.e., circle with 66-μm radius in this example). In "Cell Labeling" box, activity can be distributed among cell population according to selectable labeling methods: uniform (shown), normal, and lognormal. Mean activity per cell, residence time, and percentage of cells that are labeled can be specified. On selecting parameters and clicking "Compute," resulting multicellular geometry is plotted on right in a manner that indicates whether cell is labeled (red) or unlabeled (green), and transparency represents whether cell is dead (transparent) or alive (opaque). activity coefficient, formerly known as the residence time (t). The algorithms for these computations have been described by Howell et al. (31) . "Multicellular Geometry , 2-D Colony , Activity Distribution Histogram" Tab (Fig. 4B) . The user-specified activity distribution is plotted in this tab.
"Multicellular Geometry , 2-D Colony , Surviving Fraction" Tab (Fig. 4C) . Also calculated on clicking the "Compute" button is the surviving fraction of cells in the colony. The surviving fraction is calculated using the Monte Carlo method described by Howell et al. (31) . Briefly, for each cell, a survival probability is calculated by substituting the self-dose and cross-dose that are calculated specifically for that cell into Equation 1. A random number between 0.0 and 1.0 is generated (Java class java.util.Random; it uses a 48-bit seed, which is modified using a linear congruential formula) and compared with the survival probability. If the random number was smaller than the generated probability, the cell was scored as a survivor. Otherwise, it was scored as dead (i.e., having undergone reproductive failure). This process is then repeated for every cell in the population. The fraction of survivors among the cell population that composes a given simulation represents the surviving fraction of the cell population. This entire process is repeated for numerous values of ,A. up to a maximum value corresponding to the user-assigned mean activity per cell. The resulting surviving fractions are plotted as a function of cellular activity or absorbed dose to the labeled, unlabeled, and entire cell population according to user-selectable ordinates and abscissae. These choices allow the user to explore the characteristics of the response of each population of cells. Labeled cells receive both selfdose and cross-dose, whereas unlabeled cells receive only cross-dose.
"Multicellular Geometry , 3-D Cluster , 3-D Cluster" Tab (Fig. 5) . The planar cell configuration described above is extended to 3-D clusters as shown in Figure 5A . The user selects the shape of the cluster: sphere, ellipsoid, rod, or cone (Fig. 6) . The desired dimensions of the cluster are then entered along with the time-integrated activity coefficient (ã ), mean activity per cell (labeled 1 unlabeled cells), and percentage of cells labeled. When the user clicks the "Compute" button, the simulation and modeling begin. The process is essentially the same as for the 2-D colony except that the cluster is assembled in a 3-D Cartesian coordinate system in a close-packed cubic lattice. As in the 2-D colony case, the user-specified activity distribution is plotted in the "Activity Distribution Histogram" tab (Fig. 5B) . Survival curves are provided in the "Surviving Fraction" tab (Fig. 5C ).
"Output" Tab Output data are written to 2 boxes in the "Output" tab; these data can be copied and pasted into other software applications. The left box contains information on the geometry of the cell population, the values of the various input parameters, and the calculated data used to create survival curves. The right output box contains a tabulation of the cellular self-and cross-dose S values for the various target and source volumes in cells having the dimensions selected in the "Cell Source/Target" tab. The top row provides the S values for a labeled cell. The cross-dose S values begin on the row corresponding to the minimum cell separation distance in micrometers. The online supplement provides instructions on cutting data from the output box and pasting into other software applications. (38) . This was extended to crossdoses and used to calculate self-dose-to-cross-dose ratios for multicellular clusters containing a variety of radionuclides (15). Howell et al. introduced cell survival analysis into the code (31) . Despite these improvements, the broad capabilities of the code were inaccessible to the scientific community because the FORTRAN language used before this report did not provide for robust graphical user interfaces. Accordingly, we translated the code to Java, wrote new code to provide additional capabilities, and developed a graphical user interface to make the software available on the Web. User can select multicellular geometry wherein cell population is contained within 3-D geometry. In "Cell Geometry" box, cell population can be constrained to different selectable shapes including sphere (shown), ellipsoid, and cone. Dimensions of each shape are provided by user (i.e., sphere with 65-μm radius in this example). In "Cell Labeling" box, activity can be distributed among cell population according to selectable labeling distributions: uniform, normal, and lognormal (shown). Mean activity per cell, residence time, and percentage of cells that are labeled can be specified. When parameters are selected and "Compute" is clicked, the resulting multicellular geometry is plotted on right in a manner that indicates whether cell is labeled (red) or unlabeled (green), and transparency represents whether cell is dead (transparent) or alive (opaque). 
DISCUSSION
MIRDcell V2.0 is a versatile platform that can be used to calculate the surviving fractions of cell populations that are labeled with radioactive materials. Although a large number of variables can be controlled by the user, there are many variables of physical and radiobiologic nature that are not. For example, the cell and cell nucleus are modeled as concentric spheres. Theoretic models have shown that the shape of the cell can have an impact on the calculated absorbed dose (45) ; however, the impact is typically small (35) . MIRDcell V2.0 also assumes that all cells in the population are the same size. Charlton has demonstrated that the distribution of cell sizes and packing density can have some effect on the surviving fraction of spheric clusters of cells labeled with a-particle emitters (46) , whereas Fisher and Harty showed that the location of the nucleus within the cell can influence the response to this class of radionuclides (47) . Furthermore, in the case of a particles, for which only one to several traversals across the cell nucleus are generally required to kill a cell, there are stochastic variations in the number of decays, hits, and energy deposited (48) , all of which can affect the surviving fraction. The present model, which uses S values for determination of absorbed dose, does not address these aspects, which can be addressed with microdosimetry (46, 49, 50) . Those elements include the fine structure of secondary electrons (i.e., d rays) and the stochastic nature of single-energy-deposition events. The impact of these variables on the surviving fraction is likely to be more significant when the number of cells in the population is small and when cross-doses are small relative to self-doses. MIRDcell V2.0 permits some evaluation of the stochastic nature of cell death for a given activity distribution. Repeatedly clicking on the "Compute" button causes both activity distribution and cell survival to be resimulated and the survival curve to change for each new simulation. Changes in response are most apparent when the survival curve approaches the point at which there are few survivors.
Also not accounted for explicitly in MIRDcell V2.0 is the dependence of the survival response on dose rate and its temporal changes. In targeted radionuclide therapy, dose rate kinetics are dictated by the biologic uptake and clearance of the radiopharmaceutical and physical decay of the radionuclide (51). However, in principle, this variable can be accounted for by entering appropriate values for the linear-quadratic model parameters in the "Radiobiology" tab of MIRDcell V2.0. Bystander, cohort, and abscopal effects are not explicitly modeled in this program (52) . They can be of considerable importance in the context of targeted radionuclide therapy (53) and, more specifically, in the context of the algorithms used in MIRDcell V2.0 when small fractions of cells are labeled with a-particle emitters (31) . Therefore, users of MIRDcell V2.0 should be cognizant that radiation-induced bystander effects might alter the results.
We have compared some of the results produced by MIRDcell V2.0 with those in the published literature-for example, in Table  1 of Charlton (46) . The parameters were cells (n 5 2,469) with a mean radius of approximately 6 mm packed into a 200-mmdiameter sphere with a packing density of 50%, 211 At distributed uniformly among the cells, nucleus not modeled, and mean lethal dose D 37 uniform distribution, mean activity per cell of 0.0005 Bq, timeintegrated activity coefficient (assuming no biologic clearance and complete decay) of 10.4 h, and 100% of cells labeled. The timeintegrated activity coefficient was formerly known as the residence time (33) . This results in a nearly exponential survival curve with D 37 5 0.5 Gy, which corresponds closely to the results of Charlton (46) . Similar comparisons have been made with the calculations described by Howell et al. (31) , wherein 100%, 10%, or 1% of the cells in a multicellular cluster were labeled with the a-particle emitter 210 Po. This comparison is described fully in worked example 2 in the online supplement. The survival curves calculated with MIRDcell V2.0 match those of Howell et al. (31) . As shown in Figure 7 , a comparison has also been made between these results from MIRDcell, version 2.0.13, and the corresponding experimental cell survival data in Neti and Howell (30) . The correlation is very good, with the exception of 1% labeling at high activity per labeled cell. This was also observed by Howell et al. and may be due to a radiation-induced bystander effect (31) . Application of MIRDcell V2.0 to several other experimental datasets can be found in the online supplement.
CONCLUSION
Given the highly nonuniform cellular exposures received in nuclear medicine, designing treatment plans for therapeutic radiopharmaceuticals is challenging. Therefore, this applet was developed to allow users to visualize and understand the impact of radionuclide choice, distribution of activity in and among cells, cell dimensions, intercell distances, cluster size, and radiobiologic response parameters on the capacity to kill populations of cells. All these parameters can play a substantial role in determining the surviving fraction of cells. Accordingly, this applet can assist in designing treatment plans for therapeutic radiopharmaceuticals suited to individual needs. Comparison of experimental cell survival data (symbols) and theoretic cell survival data (solid lines; calculated with MIRDcell, version 2.0.9) for α-particle emitter 210 Po in multicellular clusters. Experimental data are from Neti et al. (30) , where 100%, 10%, or 1% of cells in cluster are labeled with 210 Po. Inset shows full datasets for 1% labeling case. Modeling parameters are described fully in worked example 2 in online supplement.
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DISCLAIMER
This program is provided for educational purposes only. It has undergone a limited set of validation tests, but there is no guarantee or warranty of accuracy for any purpose expressed or implied. Any user of this program assumes any and all responsibility and liability for its use. Any use of this program is "as is" and should only follow the user's independent confirmation that it produces valid results for the user. In no case shall the authors, Rutgers University, the MIRD Committee, or the Society of Nuclear Medicine and Molecular Imaging be liable for any incorrect or invalid results that are obtained by any use of this program, nor shall they be liable for any direct or indirect damages arising out of or in connection with the use or performance of this program. MIRDcell V2.0 has not undergone review by the United States Food and Drug Administration, and therefore this version of MIRDcell should not be used for human patients.
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